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Number of roundsIn this paper, we propose a multilevel heterogeneous network model that is characterized by two types of
parameters: primary and secondary parameters. The primary parameter decides the level of heterogene-
ity and the secondary parameters are decided according to the level of heterogeneity. This model can
describe a network in which the nodes can have up to nth level of energy (n is a finite number) depending
upon the parameter values. We evaluate the performance of the HEED, a clustering protocol, using this
model and name the resultant protocol as MLHEED (Multi Level HEED) protocol. For n level of hetero-
geneity, this protocol is denoted by MLHEED-n. The numbers of nodes of each type in any level of hetero-
geneity are determined by the secondary model parameter. The MLHEED protocol (for all level
heterogeneity) considers two parameters for deciding the cluster heads, i.e., residual energy and node
density. In this work, we illustrate the network model up to six levels. Experimentally, as the level of
heterogeneity increases, the rate of energy dissipation decreases and hence the nodes stay alive for longer
time. The MLHEED-1, MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5, and MLHEED-6 increase the net-
work lifetime by 73.05%, 143.40%, 213.17%, 267.90%, 348.60%, respectively, by increasing the network
energy as 40%, 57%, 68.5%, 78%, 84%, with respect to the original HEED protocol.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction network. The cost incurring in increasing the energy of a sensor isProgresses in wireless communication have made it feasible to
design wireless sensor networks (WSNs), which contain tens or
thousands of small nodes and can be used as a powerful tool for
collecting data in diverse circumstances. They are deployed indoor
and outdoor scenarios and are expected to work unattended, mon-
itoring the region, and reporting to the control location or base sta-
tion. A WSN is a collection of autonomous self organized sensor
nodes that communicate via wireless medium [1]. These small
sensing devices consist of memory for data storage, CPU for data
processing, battery, and transceiver for receiving and sending the
data. The sensor nodes in WSNs have limited resources, including
low wireless communication bandwidth, low processing capabil-
ity, tiny memory, and an inadequate non-rechargeable battery
[2]. The size of each sensor node varies according to the require-
ment of applications, i.e., in military or surveillance applications
it might be microscopically diminished. The expenditure of these
devices depends on their parameters like processing speed, mem-
ory size, battery, etc. The WSNs may be broadly restricted into two
classes: homogeneous and heterogeneous networks. In a homoge-
neous network, all sensor nodes are same in terms of hardware and
battery energy; they are not same in case of heterogeneousmuch less than that of deploying additional sensors of the same
amount of energy. This aspect indicates the effect of energy hetero-
geneity. Besides energy heterogeneity, there are two more types of
heterogeneity, namely, link and computational heterogeneity [1].
These heterogeneities are basically a function of energy; thus, the
energy heterogeneity is the fundamental heterogeneity. If there
is no energy heterogeneity in a network, then the link and compu-
tational heterogeneities will have negative impact on the network
lifetime. One of the dominant issues in a WSN is to develop an
energy efficient protocol, which can have a momentous impact
on the network lifetime and stability [2,22,23]. This issue may be
solved by clustering because it is an effective approach, which
can use network energy efficiently. In this approach, the sensor
nodes are coordinated in clusters, each having a cluster head. In
clustering, the cluster heads can be fixed or self-motivated. The
set of pre-determined heads in case of fixed cluster heads are per-
manent in the whole process. In case of self-motivated heads, the
cluster heads get changed using round robin mechanism.
In this paper, we propose a multilevel heterogeneous network
model that can describe any finite level of heterogeneity. We eval-
uate the network performance by considering HEED implementa-
tion for our proposed model. Accordingly, the HEED
implementation (MLHEED) is called as MLHEED-1, MLHEED-2,
MLHEED-3,. . ., MLHEED-n. The MLHEED-1 assumes all sensor
nodes in the WSN to have the same amount of energy for which/dx.doi.
2 S. Singh / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxxthe HEED protocol is implemented i.e. homogeneous network. The
2-level, 3-level, 4-level,. . ., n-level heterogeneity assume the nodes
in a WSN to be equipped with two, three, four,. . ., n levels of
energy, respectively. We illustrate our model up to six level of
heterogeneity in this work. The original HEED protocol considers
two parameters, namely, residual energy and node density to find
the cluster heads. For MLHEED, we consider the same parameters
for finding the cluster heads.
This paper is organized as follows. Section 2 reviews the related
literature. In Section 3, the proposed multilevel heterogeneous
model for WSNs is discussed that is used to simulate the MLHEED
up to n-level. Section 4 discusses the clustering and data transmis-
sion process, and pseudo code of the proposed algorithm. In Sec-
tion 5, we discuss the simulation outcomes and, finally, the
paper is concluded in Section 6.
2. Literature survey
The energy supply to nodes in a WSN is generally powered by
battery, which is not rechargeable or replaceable. The major chal-
lenges in WSNs are improving the energy efficiency and maximiz-
ing the lifetime. In past years, several protocols have been
discussed that mainly focus on the energy usage in order to pro-
long the network lifetime. Heinzelman et al. discuss low-energy
adaptive clustering hierarchy (LEACH) protocol based on clustering
and it reduces the energy consumption so that the network life-
time increases [3]. It selects few nodes as the cluster heads dynam-
ically established on their residual energy in round robin manner
in the network. The cluster heads accumulate the data from the
sensor nodes belonging to their on clusters, aggregate it and then
send the aggregated data to the base station. Paper [4] discusses
the LEACH-C, an enrichment over the LEACH protocol, by diffusing
the cluster heads all over the network so that it can produce better
performance. The paper [5] discusses the stable election protocol
(SEP), an extension of LEACH, that considers the heterogeneous
WSN with two-level of heterogeneity. It provides longer constancy
region due to extra energy brought by more powerful sensor
nodes; the heterogeneity cannot be extended for multi-level
heterogeneous WSNs. The paper [6] discusses the distributed
energy efficient clustering (DEEC) protocol by considering 2-level
and multilevel energy heterogeneity. In this protocol, for selecting
the cluster heads, the probability is calculated based on the ratio of
the residual energy of each node to the average energy of the net-
work and the nodes with higher probability have more chance to
be selected as cluster heads. Paper [7] discusses a method for
increasing the lifetime by using ant colony optimization approach
to prolong the lifetime of heterogeneous WSNs. In [8], the stochas-
tic and equitable distributed energy-efficient clustering (SEDEEC)
protocol is discussed for two-level heterogeneity. It selects the
cluster heads based on the dynamic probability calculated by dis-
tributing the energy consumption uniformly in the whole network.
The paper [9] considers three types of nodes having different initial
energy levels by assuming a single hop clustering topology and it
analyzes the network lifetime. The paper [10] discusses the energy
efficient clustering and data aggregation (EECDA) protocol for the
same heterogeneous network as given in [9]. It discusses a cluster
head election technique and selects a path with maximum sum of
residual energy for data transmission in place of the path with
minimum energy consumption. The paper [11] discusses dis-
tributed stable cluster head election (DSCHE) protocol to calculate
the network lifetime and stability of a network by considering the
similar heterogeneous WSN as in [9,10]. It selects the cluster heads
by using the weighted probability based on the ratio of the residual
energy of each node to the average energy of the network. The
paper [12] discusses the balanced energy efficient network inte-
grated super heterogeneous (BEENISH) protocol by consideringPlease cite this article in press as: S. Singh, Energy efficient multilevel network
org/10.1016/j.jestch.2016.09.008four level of heterogeneity and it achieves longer stability, lifetime,
and more effective messages than the DEEC and DDEEC. In [13], the
hybrid energy efficient distributed (HEED) clustering protocol is
discussed that uses the residual energy as primary constraint and
the node degree as the secondary constraint for cluster heads
selection. In paper [14] a heterogeneous HEED protocol is dis-
cussed for three level heterogeneous network model. It is an exten-
sion of paper [13]. Paper [14] is further extended by the Singh et al.
[15]. Paper [15] discusses an energy-efficient protocols using fuzzy
logic for heterogeneous WSNs by considering five level of hetero-
geneity. Kumar discusses two distributed protocols namely,
single-hop energy-efficient clustering protocol (S-EECP) and
multi-hop energy-efficient clustering protocol (M-EECP) [17]. In
S-EECP, the cluster heads are elected by a weighted probability
based on the ratio between residual energy of each node and aver-
age energy of the network. He observed that in single-hop commu-
nication where data packets are directly transmitted to the BS
without any relay nodes, the nodes located far away from the BS
have higher energy consumption because of long range transmis-
sion, and these nodes may die out first. This problem is solved in
M-EECP by using multi-hop communication to the BS. M-EECP uses
a greedy approach to solve the single source shortest problem to
find the shortest path from each cluster head to the BS. Farouk
et al. discuss a stable and energy-efficient clustering (SEEC) proto-
col and extend it to multi-level SEEC [18]. It depends on network
structure that is divided into clusters. Each cluster has a powerful
advanced node and some normal nodes deployed randomly in this
cluster. In the multi-level architectures, more powerful supper
nodes are assigned to cover distant sensing areas. Each type of
nodes has its role in the sensing, aggregation or transmission to
the base station. Singh et al. discuss an energy efficient clustering
protocol using fuzzy logic for heterogeneous WSNs [19]. It consid-
ers four parameters, i.e., residual energy, node density, average
energy, and distance. It applies fuzzy logic to determine the cluster
heads. In this protocol data may be lost if cluster heads are not able
to communicate with each other. Xu et al. discuss a balanced
energy efficiency (BEE) clustering algorithm, which is an extension
of HEED protocol [20]. BEE provides the network coverage by con-
sidering the local density of the cluster heads. It consumes more
energy for long range transmission due to its single hop communi-
cation. The multihop version of BEE is also discussed, which is
known as Balanced Energy-Efficiency Multihop (BEEM) clustering
algorithm to further improve the performance of BEE. Xiao et al.
discuss a cell-clustered algorithm for energy efficiency (CC-
HEED), an extension of HEED [21]. The inner cluster regions of
the network are divided into several cell-shaped areas, in which
cell nodes are brought out to assemble the data in each cell area
by considering power consumption model.
The HEED is one of the important protocols that handle load
balancing also. In this paper, we study the impact of heterogeneity
in terms of sensor node energy. We propose a multilevel energy
network model, which is a general model to describe up to any
level of heterogeneity, of course a finite number. We illustrate up
to six level of heterogeneity. The heterogeneity in a WSN is bene-
ficial because increasing the network energy by adding more sen-
sors is much costlier than that by increasing the energy of some of
the existing nodes (i.e., by deploying some nodes with higher
energy level). The resultant implementation of HEED is termed as
MLHEED protocol. In next section, we explain our proposed multi-
level heterogeneous network model.3. Multilevel heterogeneous network model
Before discussing our network model, we list the basic assump-
tions made for the WSN.model for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
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and are stationary after the deployment, each identified by a
unique ID.
 The nature of nodes in the network is homogeneous or
heterogeneous.
 Nodes are location-unaware, i.e. not equipped with a GPS cap-
able antenna.
 The sensor nodes are left unattended after deployment, mean-
ing thereby the battery recharging is not possible.
 There is only one stationary base station, in the center of the
network area that has stable power supply; thus it has no
energy, memory or computation restraints.
 Every node has the ability to perform data aggregation by which
multiple data packets can be compressed into a single packet.
 The distance between sensor nodes is calculated on the basis of
available received signal strength.
 Sensor nodes have the ability of regulating the transmission
energy in accordance with the distance of the receiving nodes
and the node failure is considered due to energy depletion.
 The energy consumption of data transmission from node A to
node B is similar to the transmission from node B to node A.
Therefore, providing symmetricity between wireless radio link.
 The sensor nodes equipped randomly in the monitoring area
and nodes are maintained by the base station.
 The node IDs of the dead nodes are not reused for further
processing.
We now discuss our multilevel heterogeneous network model.
To the best of our knowledge, no existing models in literature con-
sider general multilevel heterogeneity, which can define all levels
up to n, n is a positive integer. The number of nodes in a network
and their energy levels are entirely independent, whereas in [6] it
is not the case because in that work each sensor node is randomly
allocated energy from a given energy interval. It is very unlikely
that even the two sensor nodes will have the same amount of ener-
gies. Let N be the total number of nodes in a network. These nodes
can be divided into n types of nodes, i.e., type-1, type-2, type-3,. . .,
type-n nodes, with their respective energies as E1, E2, E3,. . ., En. The
value of n determines the secondary parameters used in the model.
In other words, for describing n-level heterogeneity, the network
model should have n secondary parameters. The energy levels
must satisfy the inequalities E1 < E2 < E3 < . . . < En.
The numbers of type-1, type-2, type-3, . . ., type-n nodes in the
network, denoted as N1, N2, N3,. . ., Nn, respectively, must satisfy
the inequalities as
N1 < N2 < N3 <    < Nn ð1Þ
The energies of different types of nodes are related as follows:
Ej ¼ E1  ð1þ ðj 1Þ  dÞ ð2Þ
here, E1 denotes the energy of a type-1 node and Ej, j = 1, 2, 3. . .n,
denotes the energy of a j-type node. This relation simply tells that
the energy of a j-type node is d times more than that of a (j-1)-
type node, d is a constant.
The total energy of the network is given by
Etotal ¼ N  ðða w1Þ  E1 þ ða w1Þ  ða w2Þ  E2 þ ða w1Þ
 ða w2Þ  ða w3Þ  E3 þ . . . þ ða w1Þ  ða w2Þ
 ða w3Þ  . . . . . .  ða wnÞ  EnÞ ð3Þ
The primary parameter in model (3) is a that determines the
heterogeneity level of the network and it is related to wi,
i = 1,2,. . ., n by the following:
ðða w1Þ  ð1þ ða w2Þ  ð1þ ða w3Þ  . . . . . .  ð1
þ ða wn1ÞÞÞÞÞ ¼ 1 ð4aÞPlease cite this article in press as: S. Singh, Energy efficient multilevel network
org/10.1016/j.jestch.2016.09.008ða wiÞ < 1 ð4bÞ
The wis are the secondary parameters. The values of wis are
related by the following:
wi ¼ wi1  2 U ð5aÞ
For a given level of heterogeneity, U is constant that is upper-
bounded, for n-level of heterogeneity, as follows:
w1
2ðn 1Þ > U ð5bÞ
If a is assigned the value wi, (i > 1), i.e., a ¼ wi, there are only
(i-1) non-zero terms in (3). It means that there are only (i-1) types
of nodes in thenetworkand themodeldescribes (i-1) level of hetero-
geneity. For, i = 1, the value of (3) is identically zero, which is the
degenerative case, and it does not signify any level of heterogeneity.
For a ¼ w2, there is only one type of nodes in the network and
the model describes 1-level heterogeneity, which is essentially
the homogenous network. The total energy of 1-level heteroge-
neous network is given by, (from (3)),
E1level ¼ N  ða w1Þ  E1 ð6Þ
The number of type-1 nodes in network, N1, is given by
N1 ¼ N  ða w1Þ
Using (4a), we have N1 as N because it gives ða w1Þ ¼ 1.
For a ¼ w3, there are only two non-zero terms in (3) and in that
case it describes 2-level heterogeneous network, whose total
energy is given by, (from (3)),
E2level ¼ N  ðða w1Þ  E1 þ ðða w1Þ  ða w2Þ  E2ÞÞ ð7Þ
The number of nodes of type-1 and type-2 in the network are,
respectively, given as
N1 ¼ N  ða w1Þ
N2 ¼ N  ðða w1Þ  ða w2ÞÞ
and the associated condition (from (4a)) is given by
ða w1Þ þ ða w1Þ  ða w2Þ ¼ 1:
For a ¼ w4, there are three non-zero terms in (3) and in that
case it describes 3-level heterogeneous network, whose total
energy is given by, (from (3)),
E3level ¼ N  ða w1Þ  E1 þ ða w1Þ  ða w2Þ  E2ð
þ ða w1Þ  ða w2Þða w3Þ
 
 E3

ð8Þ
The number of nodes of type-1, type-2, and type-3 in the net-
work are, respectively, given as
N1 ¼ N  ða w1Þ
N2 ¼ N  ðða w1Þ  ða w2ÞÞ
N3 ¼ N  ðða w1Þ  ða w2Þ  ða w3ÞÞ
and the associated condition (from (4a)) is given by
ðða w1Þ  ð1þ ða w2Þ  ð1þ ða w3ÞÞÞÞ ¼ 1
For ith level of heterogeneity, i.e., a ¼ wiþ1, there are i non-zero
terms in (3) and in that case it describes ith level of heterogeneity,
whose total energy is given by, (from (3)),
Eilevel ¼ N  ðða w1Þ  E1 þ ða w1Þ  ða w2Þ  E2 þ ða
 w1Þ  ða w2Þ  ða w3Þ  E3 þ . . . þ ða w1Þ  ða
 w2Þ  ða w3Þ  . . . . . .  ða wiÞ  EiÞ ð9Þmodel for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
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are, respectively, given as
N1 ¼ N  ða w1Þ
N2 ¼ N  ðða w1Þ  ða w2ÞÞ
N3 ¼ N  ðða w1Þ  ða w2Þ  ða w3ÞÞ
. . .
. . .
. . .
Ni ¼ N  ða w1Þ  ða w2Þ  ða w3Þ  . . . . . .  ða wiÞ
9>>>>>>>=
>>>>>>;
ð10Þ
and the condition (from (4a)) is given by
ðða w1Þ  ð1þ ða w2Þ  ð1þ ða w3Þ  . . . . . .  ð1
þ ða wi1ÞÞÞÞÞ ¼ 1
Thus, we have shown that our proposed network model given in
(3) is a general multilevel heterogeneous network model that can
describe any level of heterogeneity in the network.
4. Clustering and data transmission process
The formation of clusters is based upon the energy levels of
nodes. During cluster formation, two parameters such as residual
energy of a sensor node and node density are taken into consider-
ation simultaneously. The HEED protocol and its variants are based
on clustering approach that use the data correlation among sensor
nodes to form clusters in a network for information collection. The
clustering and data transmission process consists of the following
three phases: cluster formation and cluster head election, data col-
lection and aggregation, and transmission of data, which are dis-
cussed in subsections 4.1,4.2, and 4.3, respectively. The energy
consumption in different phases discussed in subsection 4.4. The
pseudo code of the proposed algorithm discussed in subsection 4.5.
4.1. Cluster formation and cluster head election
In cluster formation phase, we use the simulated annealing,
which has been used in the original HEED protocol, to minimize
the energy consumption of cluster nodes in transmitting the data
to their respective cluster heads. As in the HEED protocol, we ini-
tially randomly choose few nodes, e.g. 5%, among the total nodes
as cluster heads. We, however, make sure that these nodes, i.e.,
cluster heads are separated with a minimum distance from each
other. This condition ensures that a cluster head does not lie in
the sensing range of another cluster head and the cluster heads
are well distributed [6]. Subsequently, the nodes with maximum
probabilities are chosen as the cluster heads. The cluster head
selection for MLHEED implementations is discussed below.
For deciding the cluster heads, we obtain the residual energy of
all nodes and their node density similar to that as discussed in the
HEED protocol. The total remaining energy of a sensor node is its
residual energy and its node density refers to the number of nodes
in its sensing range. A node joins the cluster head that has mini-
mum degree in order to circulate the load among the cluster heads.
When the cluster heads have been decided, a broadcast message is
sent to all sensors as an advertisement by each cluster head. Each
sensor node decides its cluster head based upon the received signal
energy and notifies its decision to a cluster head corresponding to
the maximum received signal energy. The sensor nodes transmit a
short range acknowledgment to inform their cluster heads about
their decision. Thus, the clusters for the current round have been
determined. Every cluster head generates a TDMA schedule and
broadcasts it to its members. At the end of election phase, each
cluster member checks if it has sufficient energy for the next
round. If the energy of any cluster member goes to zero, it isPlease cite this article in press as: S. Singh, Energy efficient multilevel network
org/10.1016/j.jestch.2016.09.008removed from the cluster and the remaining cluster members
update their schedules accordingly.
4.2. Data collection and aggregation
Once the clusters have been formed, the cluster members col-
lect the data from the monitoring area and send it to their respec-
tive cluster heads. The cluster heads aggregate the received data.
4.3. Transmission of data
During data transmission phase, the cluster heads send the
aggregated data to the base station. This forms an iteration in
which the cluster members spend their energies in collecting the
data and sending it to their respective cluster heads. They spend
their energy in aggregating the received data and sending it to
the base station. In next iteration, the cluster heads are selected
from the remaining nodes that have not yet been made cluster
heads in any iteration of the current round. This process continues
for several rounds till all the nodes have not depleted their
energies.
4.4. Energy consumption in different phases
The nodes especially cluster members consume their energies
in monitoring the area by collecting the data for an activity and
sending that data to their respective cluster heads. They remove
the redundancy in the received data and then send it to the base
station; both activities require some energy. We discuss how to
estimate these spent energies [3,4].
The energy spent by the transmitter circuitry is signified by
L  2elec, for L bit message, and the energy in transmitting a mes-
sage data of L bit is given by L  2fs  d2or L  2mp  d4. Thus, the
energy consumed for the short distance, denoted by ETXS, and for
long distance, denoted by ETXS, are given by
ETXS ¼ L  2elec þ L  2fs  d2 if d 6 d0 ð11Þ
ETXL ¼ L  2elec þ L  2mp  d4 if d > d0 ð12Þ
where d is distance, 2elec signifies the energy dissipated per bit per
m2 and 2fs refers to the energy required to run the transmitter or
receiver circuitry and 2mp is transmitter-amplifier model
parameter.
The distance is considered as short or long depends on the value
of d0 that is also called as threshold and its value is given by [3,4]
d0 ¼
ﬃﬃﬃﬃﬃﬃﬃﬃ2fs
2mp
r
¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
10  1012
0:0013  1012
s
¼ 87:70 ð13Þ
This value of the distance, i.e., 87.70 is maximum and any less
value for d0, e.g., 70, 75, 85, etc. can also be considered.
The energy spent in receiving L-bits data by a node is given by
[3,4]
ERx ¼ L  2R ð14Þ
The energy spent in sensing L-bits data by a node is given by
[3,4]
ESx ¼ L  2S ð15Þ
Here 2R and 2S each have been taken equal to 2elec (i.e.,
2elec = 2R = 2S).
The cluster members send the monitored/collected data to
their respective cluster heads. Since the cluster members nor-
mally monitor the area for a common activity, it is quite likely
that the collected data received at a cluster head may havemodel for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
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aggregation.
The energy spent in aggregating L-bits data is given by [3,4]
EDA ¼ L  2DA ð16Þ
where 2DA ¼ 5 nJ per message bit4.5. Pseudocode of the proposed protocol
1. Initially compute the clusters of deployed sensor nodes in
the monitoring area, communication cost in terms of their
energy levels, and initial cluster head probability (it is
predefined).
2. Find all the neighbor sensors which lies in the cluster sens-
ing range.
3. Broadcast cost i.e., information of energy levels, residual
energy of sensor nodes, maximum energy and cluster head
probability to all the neighbor sensor nodes.
4. Set the probability to become a cluster head is based on the
following formulaTable I
Simulation parameters.
Description Symbol Value
No of Sensors N 100
Base station position Sp (50, 50)
Threshold distance d0 70 m
Cluster Radius Cr 25 m
Energy consumed by the amplifier to transmit
message at a shorter distance
2fs 10 nJ/bit/m2
Energy consumed by the amplifier to transmit
message at a longer distance
2mp 0.0013 pJ/
bit/m4
Energy consumed in the electronics circuit to
transmit or receive the signal
Eelec 50 nJ/bit
Energy for data aggregation 2DA 5 nJ/bit/signal
Message Size L 4000 bits
Initial Energy E1 0.2 J
Constants d and U 0.5 and 0.025
Initial secondary model parameter value w1 0.4
Simulation Time St 900 Sec
Data Packet Size Dps 512 bits
Bandwidth Bw 1 MbpsCluster HeadProbability ¼maxðCProbability  ðEResidual=EMaxÞ; PminÞ
where, Cluster HeadProbability is cluster head probability,
CProbability is the cluster probability to become a cluster head,
EResidual is residual energy, EMax is maximum energy, and Pmin
is minimum probability (it is predefined).
5. Initially, set final cluster head as FALSE.
6. Repeat 7–22 for cluster process after every clustering pro-
cess time & network operational interval.
7. If (SCH is a final cluster head which is Null)
8. least cost sensor is finally my cluster head
9. If (my cluster head = node identity)
10. If (Cluster HeadProbability ¼ 1)
11. Broadcast cluster head msg to all cluster members
with node identity, final cluster head, energy information.
12. Set final cluster head as TRUE
13. Else
14. Broadcast cluster head msg to all cluster members
with node identity, tentative cluster head, energy
information.
15. ElseIf (Cluster HeadProbability ¼ 1)
16. Broadcast cluster head msg to all cluster members
with node identity, final cluster head, energy information.
17. Set final cluster head as TRUE
18. ElseIf Random(0,1) 6 Cluster HeadProbability
19. Broadcast cluster head msg to all cluster members with node
identity, tentative cluster head, energy information.
20. Set Cluster HeadProbability as Cluster HeadPrevious
21. Set Cluster HeadProbability according to min
(Cluster HeadProbability  2, 1) Until Cluster HeadPrevious = 1
22. Until Cluster HeadPrevious = 1
23. If (final cluster head is FALSE)
24. If (Initially, SCH is a final cluster head which is not equal to
Null)
25. then my final cluster head is least cost of final cluster
head (SCH).
26. join cluster and maintain cluster head identity and node
identity
27. Else Broadcast cluster head msg to all cluster members with
node identity, final cluster head, energy information.
28. Else Broadcast cluster head msg to all cluster members with
node identity, final cluster head, energy information.Please cite this article in press as: S. Singh, Energy efficient multilevel network
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In this section, we discuss the simulation results of the HEED
protocol implementation for our proposed multilevel heterogene-
ity network model are discussed. We have already shown in
Section 3 that our multilevel network model is capable to describe
any level of heterogeneity. For simulation purpose, we have con-
sidered up to six level of heterogeneity that can have type-1,
type-2, type-3, type-4, type-5, and type-6 node in a WSN and
accordingly we call the implementation of HEED as MLHEED-1,
MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5, and MLHEED-6.
In original HEED protocol, the residual energy and node density
have been used for calculating the probability of a sensor node to
become a cluster head. Since our protocol MLHEED is based on
the HEED, we use the same parameters for cluster head selection.
In our simulations, we have used MATLAB by considering random
deployment of 100 sensor nodes in a square field of dimension
100x100m2. The input parameters adopted in our simulations for
the simulation setup are provided in Table I.
We discuss the simulation results for various values of a that
determines the level of heterogeneity in the network. For
a ¼ w1;w2;w3;w4;w5; and w6, the network model defines 1-level,
2-level, 3-level, 4-level, 5-level, and 6-level heterogeneity, respec-
tively. The energies of type-6 node, type-5 node, type-4 node, type-
3 node, type-2 node, and type-1 node must satisfy the inequalities
E6 > E5 > E4 > E3 > E2 > E1.
For a ¼ w2, the model describes the homogenous network or
1-level heterogeneity as the network contains only one type of
nodes. The number of nodes in the network is 100 for
MLHEED-1, which are of same type.
For a ¼ w3, the model describes 2-level heterogeneity as the
network contains two types of nodes. The number of type-1 and
type-2 nodes are 60 and 40, respectively, for MLHEED-2.
For a ¼ w4, the model describes 3-level heterogeneity as the
network contains three types of nodes. The number of type-1,
type-2, and type-3 nodes are 52, 30, and 18, respectively, for
MLHEED-3.
For a ¼ w5, the model describes 4-level heterogeneity as the
network contains four types of nodes. The number of type-1,
type-2, type-3, and type-4 nodes are 49, 26, 15, and 10, respec-
tively, for MLHEED-4.
For a ¼ w6, the model describes 5-level heterogeneity as the
network contains five types of nodes. The number of type-1,model for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
Table II
Number of sensors in six level heterogeneity for MLHEED.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
Type-1 nodes 100 60 52 49 47 46
Type-2 nodes NA 40 30 26 24 24
Type-3 nodes NA NA 18 15 14 13
Type-4 nodes NA NA NA 10 9 8
Type-5 nodes NA NA NA NA 6 5
Type-6 nodes NA NA NA NA NA 4
NA-Not Applicable.
Table III
Categorization of energies in six level heterogeneity for MLHEED.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
Energy of Type-1 Nodes 0.2 J 0.2 J 0.2 J 0.2 J 0.2 J 0.2 J
Energy of Type-2 Nodes NA 0.4 J 0.4 J 0.4 J 0.4 J 0.4 J
Energy of Type-3 Nodes NA NA 0.5 J 0.5 J 0.5 J 0.5 J
Energy of Type 4 Nodes NA NA NA 0.6 J 0.6 J 0.6 J
Energy of Type-5 Nodes NA NA NA NA 0.7 J 0.7 J
Energy of Type-6 Nodes NA NA NA NA NA 0.8 J
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respectively, for MLHEED-5.
For a ¼ w7, the model describes 6-level heterogeneity as the
network contains six types of nodes. The number of type-1, type-
2, type-3, type-4, type-5 and type-6 nodes are 46, 24, 13, 8, 5
and 4, respectively, for MLHEED-6.
It may be noted that the categorization of the number of nodes
is not random; it is indeed determined as described (10) and the
energies of different types of nodes are related by the relation
(3). The energies for different types of nodes in different levels of
heterogeneity are as follows. In 1-level heterogeneity, the type-1
node has as 0.2 J; in 2-level heterogeneity, the type-1 and type-2
nodes have as 0.2 J and 0.4 J, respectively; in 3-level heterogeneity,
the type-1, type-2, and type-3 nodes have as 0.2 J, 0.4 J, and 0.5 J,
respectively; in 4-level heterogeneity, the type-1, type-2, type-3
and type-4 nodes have as 0.2 J, 0.4 J, 0.5 J, and 0.6 J, respectively;
in 5-level heterogeneity the type-1, type-2, type-3, type-4, and
type-5 nodes have as 0.2 J, 0.4 J, 0.5 J, 0.6 J, and 0.7 J, respectively;,
in 6-level heterogeneity the type-1, type-2, type-3, type-4, type-5,
and type-6 nodes have as 0.2 J, 0.4 J, 0.5 J, 0.6 J, 0.7 J and 0.8 J,
respectively. The number of sensor nodes for different levels of
heterogeneity, i.e., type-1 to type-6 for MLHEED are given in
Table II and the energies of different types of nodes for all levels
used in our simulations is given in Table III.
Illustrative example:We illustrate our work for 6-level of hetero-
geneity. The categorization of number of nodes and their energies
in case of MLHEED-6 (MultiLevel HEED Level-6) are given below.
Categorization of number of nodes: We have considered that the
value of w1 and U are 0.4 and 0.025 respectively. Using (5), we
obtain the values of w2; w3; w4; w5; w6; and w7, i.e.
w2 ¼ 0:35; w3 ¼ 0:30; w4 ¼ 0:25; w5 ¼ 0:20; and w6 ¼ 0:15. For
a ¼ b7, the model in (3) describes the six types of nodes and the
network has 6-level heterogeneity. From (4a), we have
ðða w1Þ  ð1þ ða w2Þ  ð1þ ða w3Þ  ð1þ ða w4Þ  ð1þ
ða w5Þ  ð1þ ða w6ÞÞÞÞÞÞÞ ¼ 1 ð17Þ
We calculate the value of primary model parameter a by using
the values of wi, i = 2,3. . .,8 in (18) that gives a ¼ 0:8544. Using the
values of wi, i = 2,3. . .,8 and a ¼ 0:8544, we have computed differ-
ent types of nodes belonging to 6-level heterogeneity as given
below, (using (10)):
Type-1 nodes: N  ða w1Þ ¼ 100  ð0:8608 0:40Þ ¼ 46,
Type-2 nodes: N  ða w1Þ  ða w2Þ ¼ 100  ð0:8608 0:40Þ
ð0:8608 0:35Þ ¼ 24,Please cite this article in press as: S. Singh, Energy efficient multilevel network
org/10.1016/j.jestch.2016.09.008Type-3 nodes: N  ða w1Þ  ða w2Þ  ða w3Þ ¼ 100
ð0:8608 0:40Þ  ð0:8608 0:35Þ  ð0:8608 0:30Þ ¼ 13,
Type-4 nodes: N  ða w1Þ  ða w2Þ  ða w3Þ  ða w4Þ ¼ 100
ð0:86080:40Þð0:86080:35Þð0:86080:30Þð0:86080:25Þ¼8,
Type-5 nodes: Nðaw1Þðaw2Þðaw3Þðaw4Þðaw5Þ¼
100  ð0:8608 0:40Þ  ð0:8608 0:35Þ  ð0:8608 0:30Þ  ð0:8608
0:25Þ  ð0:8608 0:20Þ ¼ 5,
Type-6 nodes: N ðaw1Þ ðaw2Þ ðaw3Þ ðaw4Þ ðaw5Þ
ðaw6Þ ¼ 100  ð0:8608 0:40Þ  ð0:8608 0:35Þ  ð0:8608 0:30Þ
ð0:8608 0:25Þ  ð0:8608 0:20Þ  ð0:8608 0:15Þ ¼ 4.
Thus, the number of type-1, type-2, type-3, type-4, type-5, and
type-6 nodes are 46, 24, 13, 8, 5, and 4.
Categorization of energies: We have taken the values of E1 and d
as 0.2 J and 0.5 J, respectively. The other energy levels can be calcu-
lated by using (3), which are given by E2 ¼ 0:4 J; E3 ¼ 0:5 J;
E4 ¼ 0:6 J; E5 ¼ 0:7 J; and E6 ¼ 0:8 J. Thus, the energies of type-1,
type-2, type-3, type-4, type-5, and type-6, nodes are 0.2 J, 0.4 J,
0.5 J, 0.6 J, 0.7 J, and 0.8 J, respectively.
We have computed the network performance in terms of the
number of alive nodes, number of packets sent to the base station,
the energy dissipation per round, throughput, traffic load, and
aggregate delay, which are commonly used parameters for perfor-
mance evaluation in WSNs (Fig. 1).5.1. Network lifetime
We have computed the network lifetime in terms of number of
alive nodes with respect to the number of rounds as shown in
Fig. 2. The alive nodes are those nodes that have their energies as
non-zero. In original HEED protocol, the all nodes in the network
is dead for about 668th round, whereas for MLHEED all nodes
are alive for longer time in all variants as evident from Fig. 2. In
MLHEED-1, the first nodes die in 167th rounds and the last nodes
die in 668th rounds. In MLHEED-6, the first nodes die in 601th
rounds, and the last nodes die in 2997th rounds. Among all these,
the MLHEED-6 provides the longest network lifetime.
Table IV contains the number of rounds for all levels of hetero-
geneity when the first nodes become dead and the last nodes
become dead. For example, in case of MLHEED-1, the first nodes
become dead in 167th rounds, and the last nodes become dead
in 668th rounds. In MLHEED-6, the first nodes become dead in
601th rounds, and the last nodes become dead in 2997th rounds.
Table V shows the total network energy, network lifetime, the
percentage increase in lifetime corresponding to the percentagemodel for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
Fig. 1. Flow chart of the proposed protocol.
Fig. 2. Network lifetime in terms of number of alive nodes vs number of rounds.
Table IV
Number of rounds when first and last nodes are dead.
Protocols First Node Dead Last Node Dead
MLHEED-1 167 668
MLHEED-2 192 1156
MLHEED-3 254 1626
MLHEED-4 365 2092
MLHEED-5 459 2458
MLHEED-6 601 2997
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org/10.1016/j.jestch.2016.09.008increase in energy, with respect to the original HEED for all vari-
ants. The MLHEED-6 provides maximum network lifetime, i.e.,
increasing the network energy by 84% gives 348.65% increase in
network lifetime.
5.2. Total energy consumption
We have also computed the total energy consumed by the net-
work per round as shown in Fig. 3. This measure refers to themodel for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
Fig. 3. Total energy dissipation vs number of rounds.
Fig. 5. Aggregate delay vs number of sensor nodes.
Table V
percentage increase in network energy and corresponding increase in network lifetime for MLHEED.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
Total Network Energy 20 J 28 J 31.4 J 33.7 J 35.6 J 36.8 J
Lifetime 668 1156 1626 2092 2458 2997
% increase in energy NA 40% 57% 68.5% 78% 84%
% increase in lifetime NA 73.05% 143.41% 213.17% 267.96% 348.65%
8 S. Singh / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxxinstantaneous amount of energy exhausted in the network per
round, i.e., the energy difference from the beginning of the round
till its end. Here, the total initial energies are 20.0 J, 28.0 J, 31.4 J,
33.7 J, 35.6 J, and 36.8 J, for type-1, type-2, type-3, type-4, type-5,
and, type-6 nodes, respectively. The MLHEED-6 performs better
than the MLHEED-1, MLHEED-2, MLHEED-3, MLHEED-4 and
MLHEED-5. Thus, the rate of energy dissipation is much slower
for all levels of heterogeneity.5.3. Number of Packets Sent to Base Station
We have computed the number of packets transmitted to the
base station in a round as shown in Fig. 4. This measure refers toFig. 4. Number of data packets sent to the base station vs number of rounds.
Fig. 6. Throughput vs number of sensor nodes.
Please cite this article in press as: S. Singh, Energy efficient multilevel network
org/10.1016/j.jestch.2016.09.008the amount of information collected by the network from the sen-
sor field and sent to the base station. The MLHEEDFL-6 sends max-
imum number of packets to the base station among all variants as
evident from Fig. 4. The number of packets transferred to the base
station using the MLHEED-1, MLHEED-2, MLHEED-3, MLHEED-4,
MLHEED-5, and MLHEED-6, are respectively, 0.62  104,
0.90  104, 1.16  104, 1.71  104, 2.20  104, and 2.79  104, with
respect to the number of rounds.
We have computed aggregate delay, throughput, and traffic
load, for all variants as shown in Figs. 5–7, respectively. These sim-
ulation results have been taken at an instance of cluster head selec-
tion of a round.model for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
Fig. 7. Traffic load vs number of sensor nodes.
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The delay refers to the time interval between the packet sent
from a node till it is received at the base station. The delay values
have been computed by varying the number of sensors from 20 to
100 for MLHEED-1, MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5,
and MLHEED-6. The aggregate delay is defined as the ratio of the
total delay to the total number of packets transmitted. The aggre-
gate delay experienced by our proposed protocols is less than that
of the original HEED as shown in Fig. 5.5.5. Throughput
The throughput is measured by the number of bits transmitted
per unit time to the base station. We have computed throughput
by varying the numbers of nodes from 20 to 100 as shown in
Fig. 6. As evident from Fig. 6 that increasing the number of nodes
increases the network throughput. Furthermore, as the level of
heterogeneity increases, the throughput also increases.5.6. Traffic Load
We have computed the traffic load by measuring the total num-
ber bits transmitted to the base station by varying the number of
sensor nodes 20–100, as shown in Fig. 7, using MLHEED-1,
MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5, and MLHEED-6.
The traffic load increases as the number of sensors increases in
MLHEED implementations. It is also evident from Fig. 7 that theTable VI
Number of rounds for our proposed and existing protocols for given number of sensors w
Protocols No. of Sensors Total Energy of
LEACH [3] 100 54.60 J
E LEACH [4] 100 54.60 J
SEP [5], DEEC [6] 100 54.60 J
Modified E LEACH [16] 100 54.60 J
MLHEED-1 100 54.60 J
EECDA [10] 100 58.70 J
DSCHE [11] 100 58.70 J
MLHEED-2 100 58.70 J
BEENISH [12] 100 60.90 J
MLHEED-3 100 60.90 J
Bold cited show the proposed method results.
Please cite this article in press as: S. Singh, Energy efficient multilevel network
org/10.1016/j.jestch.2016.09.008increase rate is comparatively much higher for the MLHEED-6 as
compared to other cases.
For multi level heterogeneity, we have accomplished simula-
tions for huge number of input parameters, i.e., by taken different
energy levels of the type-1, type-2, type-3, type-4, type-5, and
type-6 nodes. In all cases, we got similar types of results for each
type of heterogeneity.
The performance of some of the protocols have been computed
by using the heterogeneous networks and compared with our pro-
posed protocols. As evident from Table VI, our protocols perform
much better than other protocols by taking equal amount of
energy.
Tables VII–X show the network lifetime by varying number of
sensor nodes, cluster radius, and monitoring area for MLHEED-1,
MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5 and MLHEED-6. In
all the cases the sink is located in the center of the monitoring area.
Table VII shows the simulation results in terms of network lifetime
by considering 100 number of nodes deployed in 100 M  100 M,
200 M  200 M, 300 M  300 M, 400 M  400 M, and
500 M  500 M areas with 25 M cluster radius. In case of
500 M  500 M the network lifetime increases as 20.17%, 64.56%,
210.34%, 264.17%, and 344.04% by increasing in the network
energy as 40%, 57%, 68.5%, 78%, and 84% for MLHEED-2,
MLHEED-3, MLHEED-4, MLHEED-5, and MLHEED-6 with respect
to MLHEED-1. It is evident from the Table VII that as the monitor-
ing area increases the network lifetime decreases. Table VIII shows
the simulation results in terms of network lifetime by considering
100 number of nodes deployed in 100 M  100 M, 200 M  200 M,
300 M  300 M, 400 M  400 M, and 500 M  500 M area with
50 M cluster radius. In case of 500 M  500 M the network lifetime
increases as 24.39%, 73.171%, 221.95%, 225.61%, and 382.93% by
increasing in the network energy as 40%, 57%, 68.5%, 78%, and
84% for MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5, and
MLHEED-6 with respect to MLHEED-1. It is evident from the
Table VIII that as the sensor deployed area increases the network
lifetime decreases. As the cluster radius increases the network life-
time decreases as shown in Tables VII and VIII. Table IX shows the
simulation results in terms of network lifetime by considering 200
number of nodes deployed in 100 M  100 M, 200 M  200 M,
300 M  300 M, 400 M  400 M, and 500 M  500 M area with
25 M cluster radius. In case of 500 M  500 M the network lifetime
increases as 24.39%, 73.171%, 221.95%, 225.61%, and 382.93%, by
increasing in the network energy as 40%, 57%, 68.5%, 78%, and
84% for MLHEED-2, MLHEED-3, MLHEED-4, MLHEED-5, and
MLHEED-6 with respect to MLHEED-1. It is evident from the
Table IX that as the sensor deployed area increases the network
lifetime decreases. Table X shows the simulation results in terms
of network lifetime by considering 200 number of nodes deployed
in 100 M  100 M, 200 M  200 M, 300 M  300 M,
400 M  400 M, and 500 M  500 M area with 50 M cluster radius.
In case of 500 M  500 M the network lifetime increases asith their network energies in WSNs.
the network Nature of Networks No. of Rounds
1-level heterogeneity 777
1-level heterogeneity 793
1-level heterogeneity 1459
1-level heterogeneity 1652
1-level heterogeneity 1815
2-level heterogeneity 1621
2-level heterogeneity 1968
2-level heterogeneity 2826
3-level heterogeneity 2159
3-level heterogeneity 3675
model for heterogeneous WSNs, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.
Table VIII
Percentage increment in network lifetime by considering 100 number of sensors and 50 M cluster radius with varying monitoring area for MLHEED-1, MLHEED-2, MLHEED-3,
MLHEED-4, and MLHEED-5.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
100 number of nodes deployed in 100 M  100 M area with 50 M cluster radius
Total Network Energy 20 J 28 J 31.4 J 33.7 J 35.6 J 36.8 J
Lifetime 640 817 1426 1950 2280 2890
% increase in energy NA 40% 57% 68.5% 78% 84%
% increase in lifetime NA 27.56% 122.81% 204.69% 256.25% 351.56%
100 number of nodes deployed in 200 M  200 M area with 50 M cluster radius
Lifetime 587 733 895 1791 2004 2582
% increase in lifetime NA 24.87% 39.844% 179.84% 213.13% 303.44%
100 number of nodes deployed in 300 M  300 M area with 50 M cluster radius
Lifetime 201 254 353 665 693 891
% increase in lifetime NA 26.368% 75.622% 230.85% 244.78% 343.28%
100 number of nodes deployed in 400 M  400 M area with 50 M cluster radius
Lifetime 155 188 234 491 578 732
% increase in lifetime NA 21.29% 50.968% 216.77% 272.9% 372.26%
100 number of nodes deployed in 500 M  500 M area with 50 M cluster radius
Lifetime 82 102 142 264 267 396
% increase in lifetime NA 24.39% 73.171% 221.95% 225.61% 382.93%
Table IX
Percentage increment in network lifetime by considering 200 number of sensors and 25 M cluster radius with varying monitoring area for MLHEED-1, MLHEED-2, MLHEED-3,
MLHEED-4, and MLHEED-5.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
200 number of nodes deployed in 100 M  100 M area with 25 M cluster radius
Total Network Energy 40 J 56 J 62.8 J 67.4 J 71.2 J 73.6 J
Lifetime 711 1250 1911 2233 2659 3128
% increase in energy NA 40% 57% 68.5% 78% 84%
% increase in lifetime NA 75.809% 168.78% 214.06% 273.98% 339.94%
200 number of nodes deployed in 200 M  200 M area with 25 M cluster radius
Lifetime 691 975 1413 2059 2410 3010
% increase in lifetime NA 41.10% 104.49% 197.97% 248.77% 335.60%
200 number of nodes deployed in 300 M  300 M area with 25 M cluster radius
Lifetime 672 764 912 2000 2210 2906
% increase in lifetime NA 13.69% 35.714% 197.62% 228.87% 332.44%
200 number of nodes deployed in 400 M  400 M area with 25 M cluster radius
Lifetime 334 420 737 1010 1153 1469
% increase in lifetime NA 25.749% 120.66% 202.4% 245.21% 339.82%
200 number of nodes deployed in 500 M  500 M area with 25 M cluster radius
Lifetime 242 298 396 756 874 1098
% increase in lifetime NA 23.14% 63.636% 212.4% 261.16% 353.72%
Table VII
Percentage increment in network lifetime by considering 100 number of sensors and 25 M cluster radius with varying monitoring area for MLHEED-1, MLHEED-2, MLHEED-3,
MLHEED-4, and MLHEED-5.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
100 number of nodes deployed in 100 M  100 M area with 25 M cluster radius
Total Network Energy 20 J 28 J 31.4 J 33.7 J 35.6 J 36.8 J
Lifetime 668 1156 1626 2092 2458 2997
% increase in energy NA 40% 57% 68.5% 78% 84%
% increase in lifetime NA 73.05% 143.41% 213.17% 267.96% 348.65%
100 number of nodes deployed in 200 M  200 M area with 25 M cluster radius
Lifetime 589 986 1225 1797 2041 2551
% increase in lifetime NA 67.40% 107.97% 205.09% 246.51% 333.10%
100 number of nodes deployed in 300 M  300 M area with 25 M cluster radius
Lifetime 396 525 691 1287 1326 1752
% increase in lifetime NA 32.58% 74.49% 225.00% 234.8% 342.4%
100 number of nodes deployed in 400 M  400 M area with 25 M cluster radius
Lifetime 234 281 512 796 892 1129
% increase in lifetime NA 20.09% 118.21% 240.47% 281.06% 382.57%
100 number of nodes deployed in 500 M  500 M area with 25 M cluster radius
Lifetime 223 268 366 693 812 991
% increase in lifetime NA 20.17% 64.56% 210.34% 264.17% 344.04%
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Table X
Percentage increment in network lifetime by considering 200 number of sensors and 50 M cluster radius with varying monitoring area for MLHEED-1, MLHEED-2, MLHEED-3,
MLHEED-4, and MLHEED-5.
Protocols MLHEED-1 MLHEED-2 MLHEED-3 MLHEED-4 MLHEED-5 MLHEED-6
200 number of nodes deployed in 100 M  100 M area with 50 M cluster radius
Total Network Energy 40 J 56 J 62.8 J 67.4 J 71.2 J 73.6 J
Lifetime 621 860 1500 1963 2373 2994
% increase in energy NA 40% 57% 68.5% 78% 84%
% increase in lifetime NA 38.486% 141.55% 216.1% 282.13% 382.13%
200 number of nodes deployed in 200 M  200 M area with 50 M cluster radius
Lifetime 601 816 1283 1703 2103 2704
% increase in lifetime NA 35.774% 113.48% 183.36% 249.92% 349.92%
200 number of nodes deployed in 300 M  300 M area with 50 M cluster radius
Lifetime 466 525 817 1378 1689 2010
% increase in lifetime NA 12.661% 75.322% 195.71% 262.45% 331.33%
200 number of nodes deployed in 400 M  400 M area with 50 M cluster radius
Lifetime 181 208 294 543 634 854
% increase in lifetime NA 14.917% 62.431% 200% 250.28% 371.82%
Lifetime 102 115 155 319 356 458
% increase in lifetime NA 12.745% 51.961% 212.75% 249.02% 349.02%
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the network energy as 40%, 57%, 68.5%, 78%, and 84% for MLHEED-
2, MLHEED-3, MLHEED-4, MLHEED-5, and MLHEED-6 with respect
to MLHEED-1. It is evident from the Table X that as the sensor
deployed area increases the network lifetime decreases. As the
cluster radius increases the network lifetime decreases as shown
in Tables VII–X. Tables VII–X show the number of sensor nodes
increase the network lifetime increases.6. Conclusion
In this paper, we have discussed a multilevel heterogeneous
network model for WSNs that can describe any finite level of
heterogeneity. For experimental validation, we have considered
up to six level of heterogeneity, namely, 1-level, 2-level, 3-level,
4-level, 5-level, and 6-level heterogeneity in terms of the energy
for MLHEED implementation. Increasing the heterogeneity level
prolongs the network lifetime in much proportion as compared
to the increase in the network energy. In case of 6-level hetero-
geneity, the network lifetime increases by 348.65% for increasing
84% in the network energy. We have also computed the aggregate
delay, throughput, and traffic load for all variants. The proposed
variants of the HEED significantly reduce the aggregate delay and
energy consumption as well as improve the throughput, and traffic
load in the network.References
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